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^ — ' We summarize some features of the vector meson dominance model which was recently 

proposed for studying radiative decays involving the scalar mesons. Using the experimental 
values of F(ao — > 77), -T(/o — > 77) and _T(0 — > agj) as inputs, we show that the model 
predicts a large hierarchy between r(ao —> ^7) and r(ao — > P7) as well as between -T(/o — > 

10 ! ^t) and r (/° ~* pi)- 

o 

' §1. Introduction 

o ' 
m 
o 



a,: 
a: 



According to the recent theoretical and experimental analysis, there is a pos- 
sibility that nine light scalar mesons exist below 1 GeV, and they form a scalar 
nonetP In addition to the well established /o(980) and ao(980) evidence of both 
experimental and theoretical nature for a very broad a (~ 560) and a very broad 
n (~ 900) has been presented. However, the properties of the nonet members such 
as quark structure and interactions with other mesons are not well known. It is 
interesting to study the properties of these light scalar mesons, which would be of 
great importance for a full understanding of QCD in its nonperturbative low energy 
^ . regime. 

In particular, the reactions <j) ~^ fol an d 4> — ► ao7 have recently been observed^ 
with good accuracy and are considered as useful probes of scalar properties. The 
theoretical analysis was initiated by Achasov and IvanchenkcS' and followed up by 
many others The models employed are essentially variants of the single K meson 
loop diagram to which a 0-type vector meson, a photon and two pseudoscalars or a 
scalar are attached. 

In this paper we summarize some features of the vector meson dominance model 
which was recently proposed in Ref. EJ) for studying radiative decays involving the 
scalar mesons. Our model predicts that a large hierarchy between r(ao — * uj) and 
r(ao — ► (rf) as well as between r(fo — ► ury) and r(fo — ► pj). 



*' Talk given by M. Harada at International Symposium on Hadron Spectroscopy, Chiral Sym- 
metry and Relativistic Description of Bound Systems, February 24-26, 2003, Nihon University, 
Tokyo, Japan. 
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§2. Vector Meson Dominance Model 

Framework of the model proposed in Ref. [3} is that of a standard non-linear 
chiral Lagrangian containing, in addition to the pseudoscalar nonet matrix field cj>, 
the vector meson nonet matrix p„ and a scalar nonet matrix field denoted N. Under 
chiral unitary transformations of the three light quarks; (/l,r — ► Ul,r- Qh,R, the chiral 
matrix U = ex.p(2i(j)/F 7T ), where F w ~ 0.131 GeV, transforms as U — > ■ U ■ lit. 
The convenient matrix K(Ui,, ZJr, is defined by the following transformation 
property of £ (U = £ 2 ): £ — > ■ £ ■ = K ■ £ ■ lit, and specifies the transformations 
of "constituent- type" objects. The fields we need transform as 

N -» K -N -K ] , 

Pll - K ■ Pll ■ + l -K ■ fytft 
9 

F^u(p) = dfj,p u - d u p^ - ig [p^ , p v \ -> K ■ F^ v ■ K ] , (2-1) 

where the coupling constant g is about 4.04. One may refer to Ref. [7|) for our 
treatment of the pseudoscalar-vector Lagrangian and to Ref. |HJ) for the scalar addi- 
tion. The entire Lagrangian is chiral invariant (modulo the quark mass term induced 
symmetry breaking pieces) and, when electromagnetism is added, gauge invariant. 

In Ref. |5J) , the strong trilinear scalar- vector- vector terms were included into the 
effective Lagrangian as 

Csvv = Pa e abc e a ' b ' c ' [F, u (p)] a a , [i^(p)]> N c c , 
+ p B Tr[N]Tr[F^(p)F^(p)} 
+ P C Tr[NF^(p)]Tr[F^(p)} 

+ /3 D Tr[N]Tr[F ia ,(p)]Tr[F (a ,(p)] . (2-2) 

Chiral invariance is evident from (|2-ljl and the four flavor-invariants are needed for 
generality. (A term ~ Tr (F FN) is linearly dependent on the four shown). Actu- 
ally the (3d term will not contribute in our model so there are only three relevant 
parameters Pa, Pb and Pc- Equation (|2-2|) is analogous to the PVV interaction *) 
which was originally introduced as a irpu coupling a long time ago™ One can now 
compute the amplitudes for S — > 77 and V — > S7 according to the diagrams of 
Fig. □ 

The decay matrix element for S — ► 77 is written as (e 2 /g 2 )Xs x (k% ■ k,2 ei • £2 — 
k\ ■ 62 k2 ■ ei) where stands for the photon polarization vector. It is related to the 
width by 



r(s -> 77) = u 2 ^m 3 s 



X S 2 



9 2 



(2-3) 



It was showrP' that the complete vector meson dominance (VMD) is violated in the lo — > 
7r°7r + 7r~ decay which is expressed by PVV interactions. However, since the VMD is satisfied in 
other processes such w° — » 77* as well as in the electromagnetic form factor of pion, we here assume 
that it holds in the processes related to SVV interactions. 
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7(k,.E,) 



V(p, e v ) p°,<i),<t> 7(te) 



(a) (b) 

Fig. 1. Feynman diagrams for (a) S — > 77 and (b) V — » S7. 



and Xs takes on the specific forms 

4 



-Pa (V2s - 4cj + -/3 B (c - v^s 



■-Ai (V2c + As) + -/3 B (y/2c + s 



4^2 

a — o PA ■ 



(2-4) 



Here a = e 2 /(47r), s = sin #5 and c = cos 83 where the scalar mixing angle, 9s is 
defined frorrP' 



a 

h 



c —s 
s c 



N$ 



(Nl + N$)/V2 



(2-5) 



Furthermore ideal mixing for the vectors, with p° = (p\ — pf,)/ v2, w = (pi + pf)/ 
= yo|, was assumed for simplicity. 

Similarly, the decay matrix element for V — ► 57 is written as (e/g)Cy x 
[p • fcey ■ e — p ■ ek ■ ey] . It is related to the width by 



■nr- 5-)^||^| 3 



.9 



(2-6) 



y — ^//ty — m s )/(2my) is the photon momentum in the V rest frame. For 



where ky = (m 
the energetically allowed V — ► £7 processes we have 



/o 



C2 



^yW - (v^c + s) + ^f3 c (c - v^s 

-^-^B(c-^)-|/fc(c + -L a ) , 



C£°=V2(/3 c -2/? A ) , 



^p A (c + V2s)+^f3 B (c-V2 Sj 3 
-2v / 2/?ac + 2V2p B (c - V2s) . 



c + s 



(2-7) 



In addition, the same model predicts amplitudes for the energetically allowed 
5 — > V7 processes: /o — ► ury, /o — > p°7, a(j — * ^7' a o — * P°7 anc ^' ^ K ° ^ s sufficiently 
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heavy k° — ► i^*°7. The corresponding width is 



D\ 



(2-8) 



where fcg = (m| — m^) / '(2ms) and 



D 



oo 
(I 



^Pa (-2c + V2a) + ^/3b (2c + v^s) + ^/3 C (c - v^s) , 



2^/3^ + 2/3 B (2c + \/2s) , 
3c : 



2/3 c , 
4 
3 



(2- 



§3. Results 

Let us summarize main points of the results obtained in Ref. 5) together with 
new results from our recent analysis.^ 

We should stress again that all the different decay amplitudes are described by 
the parameters Pa, Pb and /3c- Below we shall first illustrate the procedure for the 
model of a single putative scalar nonet P 

We determine the value of (3a from the ao — ► 77 process. Substituting r exp (ao — > 
77) = (0.28 ± 0.09) keV (obtained using23 B(a -► KK)/B(a -> r/vr) = 0.177 ± 
0.024) into Eqs. g3> and yields 



/3 A = (0.72 ±0.12) GeV 



(3-1) 



where we assumed positive in sign. By using this value, the value of (3c is deter- 



mined from r ( 
dominated by 



exp\4> ~^ a ol) = (0.47 ± 0.07) keV (obtained by assuming 
> 007) and Eq. Q2-7J) as 

(3 C = (7.7 ± 0.5 , -4.8 ± 0.5) GeV" 1 . 



777r°7 is 



(3-2) 



We stress that the values of Pa and Pc obtained above are independent of the mixing 
angle 9s- It should be noticed that \Pa\ is almost an order of magnitude smaller than 
|/3c I ■ As we can see from Eq. (|2-9|) . the amplitude D% is given by Pc while Da is 
given by only Pa- Then, the large hierarchy between Pc and Pa implies that there 
is a large hierarchy between r(ao — ► ury) and -T(ao — > /07). Actually, by using the 
values of Pa and Pc given in Eqs. (|3-lj) and (|3-2|) . they are estimated as 



r(a -► CJ7) = (641 ± 87 , 251 ± 54) keV , 
r(a -» P7) = 3.0 ± 1.0 keV . 



(3-3) 



This implies that there is a large hierarchy between r(aQ — > lvj) and -T(ao ~~ > P7) 
which is caused by an order of magnitude difference between \Pc\ and \Pa\- 
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We next determine the value of (3b from the fo — ► 77 process. Xf in Eq. (|2-4|) 
depends on (3b as well as on /3a and the mixing angle Os- Here we take the mixing 
angle as 

S ~ -20° , (3-4) 

which is characteristic of g^gg type scalarsP* By using this and the value of /3a in 
Eq. (|inj), r cxp (/ -> 77) = 0.39 ± 0.13keV yields 

(3 B = (0.61 ± 0.10 , -0.62 ± 0.10) GeV" 1 . (3-5) 

This implies that \/3b\ is on the order of \/3a\, and almost an order of magnitude 
smaller than \ftc\- Equation ()2-9j) shows that DJ o includes f3c while Dj o does not. 
Thus, we have a large hierarchy between decay widths of /o — > ujj and /o — > fry: 
The typical predictions are given by 

r(/ -► wy) = (88 ± 17) keV , 

r(fo -» P7) = (3-3 ± 2.0) keV . (3-6) 

This implies that there is a large hierarchy between -T(/o — ► ory) and -T(/o — > /ry) 
which is caused by the fact that | is an order of magnitude larger than \{3a\ and 
\(3b\- 

Let us check the dependence of the above results on the choice of the scalar 
mixing angle 0s- In Ref. ISJ, the value of 0s — —90° was obtained as another solution 
to reproduce the masses of the lightest scalar nonet, although the predicted value of 
fo-TT-n coupling is much larger than the value obtained in Ref. I13|) by fitting to the 
7T7T scattering amplitude 

As we stressed above, the values of (3a and (3c are independent of the scalar 
mixing angle 0s- The value of (3b determined from -T(/o — > 77) becomes 

(3 B = (1.1 ± 0.1 , 0.12 ± 0.13) GeV" 1 . (3-7) 

Then the typical predictions for -T(/o ~~ > ^l) and r(fo — > fry) are given by 

r(fo -> wy) = (86 ± 16) keV , 

r(fo -> fry) = (3.4 ± 3.2) keV . (3-8) 



These predictions are very close to the ones in Eq. (|3-6j) . This can be understood by 
the following consideration: From the expression of D^ o in Eq. (|2-9(l . we can see that 

it is dominated by the term including [3c which is proportional to (cos 0s~ V% sin 0s)- 
Then, the approximate relation 

cos(-20°) - V2 sin(-20°) ~ cos(-90°) - V2 sin(-90°) ~ 1.4 (3-9) 

implies that the value of D^ g for 0s = —90° is close to that for 0s = —20°, and thus 
r(/ -» ury) for S = -90° to that for S = -20°. As for T(/ fry) we note that 
the following relation is satisfied for Xf in Eq. (|2-4|) and Dj o in Eq. (|2-9j) : 

3X fo - 2y/2Df = --V2(3 A {c - V2s) . (3-10) 



3 
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Since we use the experimental value of -T(/o — * 77), i.e., Xf as an input, this relation 
implies that the predicted value of -T(/o — > fry) for 9s = —90° is roughly equal to 
that for 6s = —20°. From the above consideration we conclude that there is a large 
hierarchy between r(fo — > wy) and -T(/o — > fry) f° r @s = —20° and 6s = —90°: 

r{h -> W7) » r(/ -> p 7 ) for 05 = -20° and S = -90° . (3-11) 

§4. Discussion 

In this paper we showed the predictions of our model only for -T( a o — * 1^7), 
r(ao — ► fry), -T(/o — > CJ7) and -T(/o — ► P7). Predictions on several other processes 
such as r(a — > 77) and r(<p — > 177) can be seen in Ref. E|. 

The value of r(cj) — * /07) predicted in Ref. B) is considerably smaller than the 
experimental value of r((f> — > /07). We may need to include the effect of K-loop 
which would give a large enhancement as shown in Ref. 0J. We leave the analysis 
with .fT-loop corrections to future publications 
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